Nonalcoholic fatty liver disease (NAFLD) has become the most common hepatic disorder in the Western world.[@b1],[@b2] In the United States, approximately one-third of adults have NAFLD.[@b3] NAFLD is defined as the presence of macrovesicular steatosis occurring in \>5% of hepatocytes, excluding the effects of alcohol and viral hepatitis. NAFLD is a complex metabolic disease and is frequently associated with insulin resistance, dyslipidemia, and obesity.[@b2] It is estimated that NAFLD will replace viral hepatitis as the leading cause of end-stage liver disease by 2020 in the United States.[@b4],[@b5] Recently, NAFLD has also been associated with higher rates of cardiovascular complications, atrial fibrillation, QT prolongation, and mortality.[@b6],[@b7]

The QT interval represents the duration of electrical depolarization and repolarization of the ventricle. A prolonged QT interval reflects a lengthening of this vulnerable period and increases the risk of malignant arrhythmias.[@b8] Extreme prolongation of the QT interval is also associated with sudden cardiac death. Moreover, the duration of the QT interval, even within a reference range, is a predictor for cardiovascular death in the general population.[@b9]--[@b12] The QT interval has been shown to be related to cardiac and metabolic disorders including hypertension, diabetes, obesity, and coronary artery disease.[@b10],[@b13] In a recent report of 400 patients with type 2 diabetes, the presence of NAFLD was associated with QT prolongation after adjustment for established confounders.[@b14]

The association between QT prolongation and NAFLD among patients without diabetes has not been demonstrated. Because diabetes per se has been associated with QT prolongation,[@b13] it is not clear whether the association between QT prolongation and NAFLD remains valid among patients without diabetes. Consequently, we designed this cross-sectional study to elucidate the association between NAFLD and QT prolongation among the general population with or without diabetes.

Methods
=======

Ethics Statement
----------------

This cross-sectional study was approved by the institutional review board at National Taiwan University Hospital to analyze the deidentified data. This study complied with the Declaration of Helsinki.

Patients
--------

We recruited persons who attended health examinations at National Taiwan University Hospital, Taipei, Taiwan, between January 2005 and December 2011. Attendees of the health examinations at our center were recruited through advertised messages for health-promotion purposes, as described previously.[@b15] Attendees did not belong to any particular socioeconomic group or employment type. Attendees were enrolled if they attended the examination for the first time and did not meet exclusion criteria. Participants were categorized into 4 groups according to the severity of NAFLD on abdominal ultrasonography: (1) no NAFLD (the reference group), (2) mild NAFLD, (3) moderate NAFLD, and (4) severe NAFLD. Grading for the severity of NAFLD is described in detail under "Abdominal Ultrasonography" in the Methods section.

Exclusion Criteria
------------------

Persons with the following conditions were excluded from our study: (1) aged \<20 years; (2) estimated alcohol consumption \>20 g/day for men and \>10 g/day for women; (3) history of viral hepatitis or seropositivity for hepatitis B virus surface antigen or anti--hepatitis C antibody; (4) history of liver cirrhosis; (5) incomplete results of abdominal ultrasonography; (6) 12-lead ECG findings including atrial fibrillation, atrial flutter, complete left or right bundle-branch block, or pacemaker rhythm; and (7) taking antiarrhythmic medications.

Protocol of the Health Examinations
-----------------------------------

On the day of the health examination, a standard questionnaire was administered by a trained nurse to obtain data on the demographic characteristics, medical history, and health habits of the participants. Cigarette smoking was categorized into current smokers and nonsmokers. Significant alcohol consumption was defined as alcohol intake \>20 g/day for men and \>10 g/day for women. Blood pressures were measured at 8 to 9 [am]{.smallcaps} before taking any medication. Systolic and diastolic blood pressures were measured in both arms in the sitting position using a mercury sphygmomanometer, with the arm supported at heart level after the subject sat quietly for 10 minutes. The higher reading for the 2 arms was used in the analysis.

Anthropometric Measurements
---------------------------

Body height was measured to the nearest 0.1 cm. Body weight was measured with an electronic scale to the nearest 0.1 kg with participants wearing a hospital gown. Waist circumferences were measured according to the method of the World Health Organization and the International Diabetes Federation to the nearest 0.1 cm.[@b16] Body mass index was calculated based on the body weight in kilograms divided by the square of the body height in meters.

Blood Chemistry
---------------

All participants received blood biochemistry tests after an overnight 12-hour fast. Blood glucose concentration was measured by the hexokinase method (Roche Diagnostic GmbH). Plasma hemoglobin A1c was measured using an automatic analyzer (HLC-723 G7 HPLC system; Tosoh Corporation). The hemoglobin A1c assay was certified by the National Glycohemoglobin Standardization Program[@b17] and standardized to the Diabetes Control and Complications Trial reference assay. Hepatitis B surface antigen and hepatitis C virus antibody were measured by the AxSYM system (Abbott Laboratories). The laboratory is qualified by an external quality-assurance program of the Taiwan Society of Laboratory Medicine twice a year.

Definitions
-----------

Hypertension was defined as systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or a reported history of hypertension. Central obesity was defined as waist circumference ≥90 cm in men and ≥80 cm in women. Metabolic syndrome was diagnosed using the criteria defined in the Adult Treatment Panel III, with a modification of waist circumference, as appropriate for Asian participants.[@b18] Participants were diagnosed as having metabolic syndrome if they met ≥3 of the following 5 criteria: (1) high blood pressure, defined as systolic and/or diastolic blood pressure ≥130/85 mm Hg or taking blood pressure--lowering medications; (2) hyperglycemia, defined as fasting plasma glucose concentration ≥100 mg/dL (5.6 mmol/L) or taking glucose-lowering medications; (3) hypertriglyceridemia, defined as fasting plasma triglyceride concentration ≥150 mg/dL (1.69 mmol/L); (4) high-density lipoprotein cholesterol concentration \<40 mg/dL in men and \<50 mg/dL in women; (5) waist circumference ≥90 cm in men and ≥80 cm in women.[@b19] Diabetes was diagnosed according to the American Diabetes Association 2014 recommendations (hemoglobin A1c concentration ≥6.5% \[48 mmol/mol\], fasting plasma glucose concentration ≥126 mg/dL, or 2-hour plasma glucose concentration ≥200 mg/dL). Diabetes was also diagnosed if participants took medication for diabetes with any level of glycemic parameters. Because we did not perform the standard 75-g oral glucose tolerance test, we used the 2-hour postprandial glucose level as a substitute for the standard criteria.

ECG and QT Interval
-------------------

A 12-lead ECG was recorded by a trained nurse for 10 seconds with the participant in the supine position on the morning of the same day as the health examination. ECGs were performed using a MAC 3500 resting ECG machine (GE Healthcare). ECGs were analyzed with computerized automated analysis software imbedded in the ECG machine and then were confirmed by a physician. The QT interval was defined as being from the first deflection from the isoelectric line of the QRS complex to the end of the T wave. The corrected QT (QTc) interval was derived from Bazett's formula (QTc equals the QT interval divided by the square root of the RR interval) to correct the QT interval for heart rate.[@b20] A linear QT correction formula proposed by Hodges et al (QTc Hodges=QT interval+105×\[1/RR interval−1\]) was also used as an alternative method of QT correction. QTc by Hodges' formula was used as the dependent variable in the multivariable logistic regression analysis after adjustment, as a sensitivity analysis.[@b21] Resting heart rates were obtained from ECG readings. The diagnosis of left ventricular hypertrophy on ECG was based on Sokolow's voltage criteria. Complete left bundle-branch block was defined as a QRS duration of ≥120 ms with wide S wave or rS in V1 and wide terminal R wave in I, aVL, and V5 to V6, without the presence of a Q wave in the same lead. Complete left bundle-branch block was defined as a QRS duration ≥120 ms with wide terminal R in V1 and wide terminal S in I, aVL, and V5 to V6. The diagnosis of atrial fibrillation was defined as an irregular rhythm occurring irregularly with a range of RR intervals \>15% of average RR intervals and RR intervals not organized. Atrial flutter was diagnosed if an atrial rate of 200 to 350 beats per minute was detected.

Abdominal Ultrasonography
-------------------------

Abdominal ultrasonography was performed on the same day as the health examination by experienced gastrointestinal specialists with high-resolution ultrasonography (Aplio XG SSA-790A; Toshiba) using a 3.5-MHz linear transducer. The ultrasound diagnostic criterion for NAFLD was increased parenchymal brightness compared with the right renal cortex. The level of brightness was graded as *mild, moderate*, or *severe*, according to the criteria described by Needleman et al.[@b22] Briefly, mild NAFLD consisted of an increased hepatic brightness with slight decreased definition of portal venule walls. Severe NAFLD was characterized by an increased hepatic brightness with only the main portal vein walls able to be visualized and all smaller portal venule walls absent. Moderate NAFLD showed results between mild and severe NAFLD.

Statistical Analyses
--------------------

Sample size was calculated to detect a mean difference of 5 ms in QTc interval among the 4 study groups: no NAFLD, mild NAFLD, moderate NAFLD, and severe NAFLD. Power analysis revealed a minimum of 757 participants per group for a power of 90% at a significance level \<0.05 for a 2-sided test to detect a difference in mean QTc of 5 ms between the 4 study groups by 1-way ANOVA. Normally distributed continuous data are presented as mean±SD. Categorical data were reported as numbers and percentages. The continuous variables among the 4 study groups were compared with 1-way ANOVA for heterogeneity, with each of the continuous variables as the outcome variable and the 4 study groups as the categorical variables. A generalized linear model was used to test the trend of each continuous variable across 4 study groups. The continuous variables reported included demographic data (age), anthropometric measures (body mass index, waist circumference), systolic and diastolic blood pressures, biochemical data, and QT and QTc intervals. The categorical variables among the 4 study groups were compared with Pearson's chi-square test for heterogeneity and with the Cochran-Armitage test for trend. Multivariable linear regression analyses were performed to examine the relationship between QTc interval and predictors including age, sex, the severity of NAFLD, and other cardiometabolic risk factors. The significant predictors (age, sex, diabetes, hypertension, cholesterol, body mass index, left ventricular hypertrophy, history of coronary artery disease, hypokalemia, and estimated glomerular filtration rate) were adjusted in the later multivariate logistic regression analyses and subsequent sensitivity analyses.

QTc prolongation was defined as QTc interval \>440 ms in men and women. Multivariate logistic regression analyses were performed to examine the relationship between the presence of QTc prolongation and the severity of NAFLD in men or women. In these analyses, we set the group without NAFLD as the reference group to determine the existence of a dose-dependent relationship. Subgroup analyses were performed among different age groups (by tertiles), status of diabetes (with or without), status of hypertension (with or without), status of metabolic syndrome (with or without), status of left ventricular hypertrophy (with or without), and body mass index groups (by tertiles). Sensitivity analyses were performed using 3 different cutoff points for QTc prolongation and 2 different definitions for alcohol consumption to exclude participants with alcoholic fatty liver disease. The 3 alternative cutoffs for QTc prolongation were (1) QTc ≥440 ms (men) or ≥450 ms (women), (2) QTc ≥440 ms (men) or ≥460 ms (women), and (3) QTc ≥470 ms. The 2 alternative definitions for alcohol consumption were (1) estimated alcohol consumption \<10 g per week and (2) no alcohol consumption. Sensitivity analysis using an alternative QT correction formula, Hodges' formula, for multivariable logistic regression with full adjustment was also performed among all participants. The same set of predictors was adjusted in the sensitivity analyses.

A 2-tailed *P* value \<0.05 was considered to demonstrate statistical significance for all analyses. Listwise deletion was used to account for missing data. Statistical analyses were performed using the Stata version 11.0 software package (StataCorp LP).

Results
=======

A total of 31 116 patients were enrolled in this study. The mean age was 50.1 years (SD 12.1 years), and men represented 16 014 (51.5%) of the participants. The mean QTc interval of all participants was 421.3 ms (SD 45.4 ms). A total of 9781 participants (31.4%) had a QTc interval of \>440 ms. The baseline characteristics of the participants stratified by the severity of NAFLD are shown in Table[1](#tbl1){ref-type="table"}. An increase in the severity of NAFLD was associated with an increase in the severity of anthropometric and metabolic parameters, including body mass index, blood pressure, cholesterol, triglycerides, and glycemic parameters. The QT and QTc intervals increased progressively with increased severity of NAFLD (Figure[1](#fig01){ref-type="fig"}). The QTc derived from Hodges' formula was shorter than QTc derived from Bazett's formula (Table[1](#tbl1){ref-type="table"}). The QTc intervals derived from these 2 formulas were highly correlated in our participants (correlation coefficient 0.980, *P*\<0.05).

###### 

Baseline Characteristics Stratified by the Severity of NAFLD

  Baseline Characteristics N=31 116                             No NAFLD n=18 225   NAFLD          *P* Value for Heterogeneity   *P* Value for Trend             
  ------------------------------------------------------------- ------------------- -------------- ----------------------------- --------------------- --------- ---------
  Age, y                                                        48.8 (12.8)         52.2 (11.0)    51.4 (11.0)                   48.9 (11.0)           \<0.001   \<0.001
  Sex, male, n (%)                                              7843 (42.6)         5660 (61.5)    2139 (71.5)                   568 (73.9)            \<0.001   \<0.001
  Comorbidities                                                                                                                                                  
   Diabetes, n (%)                                              1133 (6.2)          1210 (13.2)    697 (23.4)                    221 (29.0)            \<0.001   \<0.001
   Hypertension, n (%)                                          2970 (16.3)         2800 (30.6)    1237 (41.6)                   424 (55.6)            \<0.001   \<0.001
   Metabolic syndrome, n (%)                                    1096 (6.0)          1931 (21.1)    1170 (39.3)                   440 (57.7)            \<0.001   \<0.001
   Coronary artery disease, n (%)                               170 (1.0)           106 (1.2)      55 (1.9)                      20 (2.7)              \<0.001   \<0.001
   Stroke, n (%)                                                69 (0.4)            60 (0.7)       13 (0.5)                      1 (0.1)               0.008     0.325
   Chronic obstructive pulmonary disease, n (%)                 570 (3.3)           307 (3.5)      105 (3.7)                     35 (4.8)              0.123     0.037
   Smoking, n (%)                                               1976 (10.9)         1396 (15.3)    557 (18.7)                    146 (19.2)            \<0.001   \<0.001
  Anthropometric measures                                                                                                                                        
   Body mass index, kg/m^2^                                     22.4 (2.8)          25.2 (2.8)     27.2 (3.2)                    29.6 (4.2)            \<0.001   \<0.001
   Waist circumference, cm                                      81.3 (8.1)          88.7 (7.4)     93.5 (8.2)                    99.1 (10.2)           \<0.001   \<0.001
   Systolic blood pressure, mm Hg                               119.5 (15.4)        127.6 (15.2)   132.8 (14.8)                  137.2 (16.5)          \<0.001   \<0.001
   Diastolic blood pressure, mm Hg                              71.6 (10.1)         76.7 (10.4)    80.2 (10.3)                   82.9 (11.2)           \<0.001   \<0.001
  Biochemistry                                                                                                                                                   
   Cholesterol, mg/dL                                           199.1 (35.8)        208.9 (36.6)   211.9 (38.0)                  215.7 (39.9)          \<0.001   \<0.001
   HDL cholesterol, mg/dL                                       51 (12.1)           44.3 (9.6)     41.2 (8.2)                    40.1 (7.3)            \<0.001   \<0.001
   LDL cholesterol, mg/dL                                       112.1 (31.5)        125.9 (32.7)   130.3 (34.2)                  133.5 (35.7)          \<0.001   \<0.001
   Triglycerides, mg/dL                                         94.1 (52.4)         146.3 (85.6)   180.9 (113)                   204.1 (141.4)         \<0.001   \<0.001
   Aspartate aminotransferase, U/L                              22.3 (9.6)          24.4 (11.0)    30.9 (18.1)                   35.8 (18.1)           \<0.001   \<0.001
   Alanine transaminase, U/L                                    21.1 (16.6)         29.4 (19.6)    45.6 (29.4)                   57.7 (33.1)           \<0.001   \<0.001
   Glucose, fasting, mg/dL                                      90.6 (15.4)         98.3 (22.5)    104.9 (28)                    109.4 (33.6)          \<0.001   \<0.001
   Glucose, postprandial, mg/dL                                 115.2 (43.5)        129.5 (52.6)   142.9 (62.5)                  149.1 (62.9)          \<0.001   \<0.001
   Hemoglobin A1c, %                                            5.5 (0.6)           5.8 (0.8)      6 (1.0)                       6.2 (1.1)             \<0.001   \<0.001
   Estimated glomerular filtration rate, mL/min per 1.73 m^2^   77.9 (14.3)         76.1 (13.2)    76 (13.2)                     77.3 (14.2)           \<0.001   \<0.001
   Creatinine, mg/dL                                            0.9 (0.3)           1.0 (0.2)      1.0 (0.2)                     1.0 (0.2)             \<0.001   \<0.001
   Sodium, mmol/L                                               141.1 (2.3)         141.4 (2.3)    141.3 (2.3)                   141.0 (2.5)           \<0.001   \<0.001
   Potassium, mmol/L                                            4.05 (0.34)         4.07 (0.33)    4.09 (0.33)                   4.07 (0.33)           \<0.001   \<0.001
   Hypokalemia                                                  690 (3.8%)          358 (3.9%)     104 (3.5%)                    43 (5.6%)             0.051     0.275
   High sensitivity C-reactive protein, mg/dL                   0.13 (0.31)         0.19 (0.41)    0.26 (0.48)                   0.34 (0.61)           \<0.001   \<0.001
  Medications                                                                                                                                                    
   Antiplatelet medications, n (%)                              394 (2.6)           284 (3.6)      129 (5.1)                     27 (4.0)              \<0.001   \<0.001
   Anticoagulant medications, n (%)                             177 (1.15)          167 (2.12)     63 (2.47)                     23 (3.41)             \<0.001   \<0.001
   Steroids, n (%)                                              186 (1.2)           88 (1.1)       29 (1.1)                      6 (0.9)               0.814     0.392
   Metabolic syndrome, n (%)                                    1096 (6.0)          1931 (21.1)    1170 (39.3)                   440 (57.7)            \<0.001   \<0.001
  ECG findings                                                                                                                                                   
   Heart rate, beats/min                                        65.2 (45.4)         66.4 (9.8)     68.5 (16.1)                   70.3 (10.7)           \<0.001   \<0.001
   QT interval, ms                                              403.2 (34.8)        402.3 (22.8)   404 (23.8)                    407 (23.3)            \<0.001   \<0.001
   QTc interval, ms (by Bazett's formula)                       418.9 (60.4)        422.5 (44.8)   430.9 (49.2)                  439.9 (48.2)          \<0.001   \<0.001
   QTc interval, ms (by Hodges' formula)                        411.6 (32.9)        413.4 (32.6)   418.6 (33.3)                  424.6 (34.4)          \<0.001   \<0.001
   QTc \>440 ms, n (%) (by Bazett's formula)                    5302 (29.1)         2923 (31.9)    1190 (40.0)                   366 (48.0)            \<0.001   \<0.001
   QTc \>440 ms, n (%) (by Hodges' formula)                     3412 (18.7)         1823 (19.9)    755 (25.4)                    239 (31.3)            \<0.001   \<0.001
   Left ventricular hypertrophy, n (%)                          703 (3.8)           527 (5.7)      186 (6.2)                     46 (6.0)              \<0.001   \<0.001

HDL indicates high-density lipoprotein; LDL, low-density lipoprotein; NAFLD, non-alcoholic fatty liver disease; QTc, corrected QT.

![The box plot of QTc intervals (in milliseconds) according to different severities of NAFLD (none, mild, moderate, and severe). The QTc interval increased with increasing severity of NAFLD (*P* for trend \<0.001). The box represents the 25th and 75th percentiles, whereas the whiskers represent the 10th and 90th percentiles. NAFLD indicates nonalcoholic fatty liver disease; QTc, corrected QT.](jah30004-e001820-f1){#fig01}

Table[2](#tbl2){ref-type="table"} shows the independent predictors for the QTc interval in a multivariable linear regression model including age, glycemic parameters, lipid profile, electrolytes, past history of cardiovascular disease, presence of metabolic syndrome, and medications. The severity of NAFLD was positively associated with the QTc interval by Bazett's formula (in women, β coefficient: mild 1.46 \[95% CI −0.52 to 3.44, *P*=0.148\], moderate 7.60 \[95% CI 3.97 to 11.22, *P*\<0.001\], and severe 11.84 \[95% CI 5.12 to 18.55, *P*=0.001\]; in men, β coefficient: mild 3.29 \[95% CI 1.50 to 5.08, *P*\<0.001\], moderate 6.40 \[95% CI 3.74 to 9.05, *P*\<0.001\], and severe 13.71 \[95% CI 9.16 to 18.25, *P*\<0.001\]) for mild, moderate, and severe NAFLD compared with no NAFLD. The results were similar if analyzed by Hodges' formula (Table[2](#tbl2){ref-type="table"}).

###### 

Association Between QTc Interval and Clinical Variables: Multivariable Linear Regression Model

                                                               QTc Interval by Bazett's Criteria   QTc Interval by Hodges' Criteria                                                                                                      
  ------------------------------------------------------------ ----------------------------------- ---------------------------------- -------------------------- --------- -------------------------- --------- ------------------------ ---------
  NAFLD severity                                                                                                                                                                                                                         
   Mild                                                        1.46 (−0.52 to 3.44)                0.148                              3.29 (1.5 to 5.08)         \<0.001   1.16 (−0.24 to 2.56)       0.104     1.79 (0.50 to 3.08)      0.007
   Moderate                                                    7.6 (3.97 to 11.22)                 \<0.001                            6.4 (3.74 to 9.05)         \<0.001   4.89 (2.32 to 7.46)        \<0.001   4.19 (2.27 to 6.10)      \<0.001
   Severe                                                      11.84 (5.12 to 18.55)               0.001                              13.71 (9.16 to 18.25)      \<0.001   8.5 (3.74 to 13.27)        \<0.001   9.42 (6.14 to 12.7)      \<0.001
  Age, y                                                       −0.18 (−0.27 to −0.10)              \<0.001                            0.23 (0.16 to 0.31)        \<0.001   −0.03 (−0.09 to 0.03)      0.318     0.27 (0.22 to 0.32)      \<0.001
  Coronary artery disease                                      2.65 (−7.23 to 12.53)               0.602                              7.54 (1.74 to 13.34)       0.011     1.9 (−5.11 to 8.9)         0.596     6.31 (2.13 to 10.49)     0.003
  Stroke                                                       −15.54 (−30.24 to −0.84)            0.038                              3.4 (−5.47 to 12.26)       0.453     −10.66 (−21.09 to −0.23)   0.045     1.53 (−4.86 to 7.92)     0.639
  Metabolic syndrome                                           3.54 (1.15 to 5.92)                 0.004                              6.94 (4.86 to 9.01)        \<0.001   2.74 (1.05 to 4.43)        0.002     5.3 (3.8 to 6.8)         \<0.001
  Smoking                                                      −5.53 (−9.52 to −1.54)              0.007                              −1.83 (−3.65 to −0.02)     0.048     −3.07 (−5.90 to −0.24)     0.033     −0.71 (−2.02 to 0.60)    0.287
  Systolic blood pressure, mm Hg                               0.57 (0.52 to 0.63)                 \<0.001                            0.62 (0.56 to 0.68)        \<0.001   0.38 (0.33 to 0.42)        \<0.001   0.43 (0.39 to 0.47)      \<0.001
  Body mass index, kg/m^2^                                     −0.50 (−0.78 to −0.22)              \<0.001                            −1.11 (−1.4 to −0.82)      \<0.001   −0.27 (−0.47 to −0.07)     0.008     −0.69 (−0.9 to −0.48)    \<0.001
  HbA1c, %                                                     4.3 (3.14 to 5.46)                  \<0.001                            3.57 (2.65 to 4.50)        \<0.001   2.68 (1.86 to 3.51)        \<0.001   2.23 (1.56 to 2.89)      \<0.001
  Cholesterol, mg/dL                                           0.00 (−0.02 to 0.03)                0.821                              0.03 (0.01 to 0.06)        0.007     0.00 (−0.02 to 0.02)       0.954     0.02 (0.00 to 0.03)      0.056
  HDL cholesterol, mg/dL                                       −0.01 (−0.09 to 0.07)               0.788                              −0.12 (−0.22 to −0.03)     0.014     0.01 (−0.04 to 0.06)       0.744     −0.04 (−0.11 to 0.03)    0.275
  Triglycerides, mg/dL                                         0.04 (0.03 to 0.06)                 \<0.001                            0.01 (0 to 0.02)           0.02      0.03 (0.02 to 0.04)        \<0.001   0.01 (0 to 0.01)         0.120
  Aspartate aminotransferase, U/L                              0.01 (−0.06 to 0.09)                0.711                              0.11 (0.05 to 0.18)        \<0.001   0.03 (−0.02 to 0.08)       0.265     0.10 (0.05 to 0.14)      \<0.001
  Estimated glomerular filtration rate, mL/min per 1.73 m^2^   0.3 (0.24 to 0.36)                  \<0.001                            0.16 (0.1 to 0.23)         \<0.001   0.2 (0.16 to 0.24)         \<0.001   0.11 (0.06 to 0.15)      \<0.001
  Sodium, mmol/L                                               0.11 (−0.2 to 0.43)                 0.485                              0.43 (0.1 to 0.76)         0.010     0.05 (−0.17 to 0.28)       0.640     0.33 (0.1 to 0.57)       0.006
  Potassium, mmol/L                                            −6.89 (−9.07 to −4.71)              \<0.001                            −11.44 (−13.67 to −9.21)   \<0.001   −5.95 (−7.5 to −4.40)      \<0.001   −9.09 (−10.7 to −7.48)   \<0.001
  C-reactive protein, mg/dL                                    13.52 (11.31 to 15.74)              \<0.001                            12.05 (10.31 to 13.78)     \<0.001   8.51 (6.94 to 10.08)       \<0.001   8.10 (6.85 to 9.35)      \<0.001
  Antiplatelet agent                                           −1.86 (−7.59 to 3.87)               0.525                              −0.56 (−4.42 to 3.31)      0.777     −1.88 (−5.95 to 2.19)      0.365     −0.21 (−3.00 to 2.58)    0.881
  Anticoagulant                                                4.97 (−2.68 to 12.61)               0.203                              −6.22 (−11.44 to −1.00)    0.02      2.92 (−2.51 to 8.34)       0.292     −3.75 (−7.51 to 0.02)    0.051
  Left ventricular hypertrophy                                 −4.35 (−8.19 to −0.51)              0.027                              −4.42 (−7.54 to −1.30)     0.006     −0.50 (−3.23 to 2.22)      0.717     −0.49 (−2.74 t o 1.76)   0.671

HbA1c indicates hemoglobin A1c; HDL, high-density lipoprotein; NAFLD, non-alcoholic fatty liver disease; QTc, corrected QT.

Table[3](#tbl3){ref-type="table"} shows the odds ratios for the severity of NAFLD to predict the presence of QTc prolongation \>440 ms. In the fully adjusted model, the severity of NAFLD was significantly associated with a higher risk for QTc prolongation according to the following odds ratios. For mild, moderate, and severe NAFLD in women, odds ratios were 1.11 (95% CI 1.01 to 1.21, *P*\<0.05), 1.61 (95% CI 1.36 to 1.90, *P*\<0.001), and 1.31 (95% CI 1.16 to 2.24, *P*\<0.01), respectively, compared with no NAFLD. In men, odds ratios were 1.11 (95% CI 1.01 to 1.21, *P*\<0.05), 1.39 (95% CI 1.22 to 1.59, *P*\<0.001), and 1.87 (95% CI 1.51 to 2.31, *P*\<0.001) for mild, moderate, and severe NAFLD, respectively, compared with no NAFLD. There was no significant interaction between NAFLD severity and diabetes in the model. The results were similar when analyzed by Hodges' criteria, although the odds ratio for mild NAFLD did not reached statistical significance (Table[3](#tbl3){ref-type="table"}). We performed sensitivity analyses using different criteria for QTc prolongation: (1) QTc ≥440 ms in men or ≥450 ms in women; (2) QTc ≥440 ms in men or ≥460 ms in women; (3) QTc ≥470 ms and alcohol consumption, with estimated alcohol consumption of either \<10 g per week or none (nondrinker). In these sensitivity analyses, the severity of NAFLD remained significantly associated with a higher risk of QTc prolongation after changing the criteria for QTc prolongation and the criteria for alcoholic consumption in the majority of the subgroups (Tables[4](#tbl4){ref-type="table"} through [6](#tbl6){ref-type="table"}). Moderate and severe NAFLD were consistently associated with higher risk of QTc prolongation using the criteria for QTc interval ≥440 ms in men and ≥450 ms in women or ≥440 ms in men and ≥460 ms in women. The association between NAFLD and QTc prolongation using the criteria for QTc intervals ≥470 ms was attenuated, especially among those participants who never drank (Tables[4](#tbl4){ref-type="table"} through [6](#tbl6){ref-type="table"}).

###### 

Multivariable Logistic Regression: Severity of NAFLD to Predict QTc Prolongation (QTc ≥440 ms) Among All Participants

  NAFLD Severity                                       n (Women/Men)   Mild                                                  Moderate                                               Severe                                                                                                                                                              
  ---------------------------------------------------- --------------- ----------------------------------------------------- ------------------------------------------------------ ----------------------------------------------------- ------------------------------------------------------ ------------------------------------------------------ -----------------------------------------------------
  Unadjusted                                           15 107/16 026   1.42 (1.32 to 1.53)[§](#tf3-5){ref-type="table-fn"}   1.23 (1.14 to 1.34)[§](#tf3-5){ref-type="table-fn"}    2.61 (2.26 to 3.00)[§](#tf3-5){ref-type="table-fn"}   1.83 (1.65 to 2.03)[§](#tf3-5){ref-type="table-fn"}    3.45 (2.57 to 4.62)[§](#tf3-5){ref-type="table-fn"}    2.73 (2.28 to 3.26)[§](#tf3-5){ref-type="table-fn"}
  Model 1                                              15 107/16 026   1.33 (1.22 to 1.44)[§](#tf3-5){ref-type="table-fn"}   1.16 (1.06 to 1.26)[§](#tf3-5){ref-type="table-fn"}    2.22 (1.92 to 2.57)[§](#tf3-5){ref-type="table-fn"}   1.62 (1.45 to 1.80)[§](#tf3-5){ref-type="table-fn"}    2.72 (2.02 to 3.67)[§](#tf3-5){ref-type="table-fn"}    2.28 (1.892.74)[§](#tf3-5){ref-type="table-fn"}
  Model 2                                                                                                                                                                                                                                                                                                                                               
   All participants, by Bazett's criteria              15 107/16 026   1.11 (1.01 to 1.21)[†](#tf3-3){ref-type="table-fn"}   1.11 (1.01 to 1.21)[†](#tf3-3){ref-type="table-fn"}    1.61 (1.36 to 1.90)[§](#tf3-5){ref-type="table-fn"}   1.39 (1.22 to 1.59)[§](#tf3-5){ref-type="table-fn"}    1.31 (1.16 to 2.24)[‡](#tf3-4){ref-type="table-fn"}    1.87 (1.51 to 2.31)[§](#tf3-5){ref-type="table-fn"}
   All participants, by Hodges' criteria               15 107/16 026   1.04 (0.93 to 1.15)                                   0.97 (0.86 to 1.09)                                    1.36 (1.14 to 1.62)[‡](#tf3-4){ref-type="table-fn"}   1.20 (1.02 to 1.41)[†](#tf3-3){ref-type="table-fn"}    1.37 (0.99 to 1.89)[‡](#tf3-4){ref-type="table-fn"}    1.56 (1.21 to 1.99)[§](#tf3-5){ref-type="table-fn"}
  Subgroup analyses[\*](#tf3-2){ref-type="table-fn"}                                                                                                                                                                                                                                                                                                    
   Age group                                                                                                                                                                                                                                                                                                                                            
    1st tertile                                        5193/5218       1.31 (1.06 to 1.62)[†](#tf3-3){ref-type="table-fn"}   1.22 (1.01 to 1.48)[†](#tf3-3){ref-type="table-fn"}    1.76 (1.09 to 2.86)[†](#tf3-3){ref-type="table-fn"}   1.44 (1.11 to 1.87)[‡](#tf3-4){ref-type="table-fn"}    2.29 (0.81 to 6.50)                                    1.93 (1.33 to 2.79)[§](#tf3-5){ref-type="table-fn"}
    2nd tertile                                        5108/5244       1.02 (0.87 to 1.20)                                   1.09 (0.92 to 1.30)                                    1.23 (0.9 to 1.68)                                    1.29 (1.02 to 1.63)[†](#tf3-3){ref-type="table-fn"}    1.22 (0.68 to 2.17)                                    1.82 (1.25 to 2.64)[‡](#tf3-4){ref-type="table-fn"}
    3rd tertile                                        4806/5564       1.11 (0.95 to 1.29)                                   0.97 (0.84 to 1.14)                                    1.86 (1.45 to 2.39)[§](#tf3-5){ref-type="table-fn"}   1.29 (1.03 to 1.61)[†](#tf3-3){ref-type="table-fn"}    1.85 (1.16 to 2.95) [‡](#tf3-4){ref-type="table-fn"}   1.77 (1.18 to 2.66)[‡](#tf3-4){ref-type="table-fn"}
   Diabetes status                                                                                                                                                                                                                                                                                                                                      
    Without                                            13 767/14 102   1.09 (0.98 to 1.21)                                   1.13 (1.02 to 1.26)[†](#tf3-3){ref-type="table-fn"}    1.49 (1.21 to 1.82)[§](#tf3-5){ref-type="table-fn"}   1.34 (1.15 to 1.56)[§](#tf3-5){ref-type="table-fn"}    1.49 (0.99 to 2.24)                                    1.96 (1.53 to 2.52)[§](#tf3-5){ref-type="table-fn"}
    With                                               1340/1924       1.08 (0.8 to 1.45)                                    0.81 (0.63 to 1.06)                                    1.77 (1.18 to 2.64)[‡](#tf3-4){ref-type="table-fn"}   1.19 (0.87 to 1.62)                                    1.75 (0.94 to 3.26)                                    1.51 (0.97 to 2.36)
   Hypertension status                                                                                                                                                                                                                                                                                                                                  
    Without                                            12 522/11 173   1.12 (1.00 to 1.25)                                   1.23 (1.08 to 1.39) [‡](#tf3-4){ref-type="table-fn"}   1.43 (1.14 to 1.79)[‡](#tf3-4){ref-type="table-fn"}   1.5 (1.25 to 1.80)[§](#tf3-5){ref-type="table-fn"}     1.72 (1.06 to 2.82)[†](#tf3-3){ref-type="table-fn"}    1.89 (1.35 to 2.64)[§](#tf3-5){ref-type="table-fn"}
    With                                               2585/4853       1.01 (0.83 to 1.23)                                   0.88 (0.76 to 1.03)                                    1.72 (1.28 to 2.3)[§](#tf3-5){ref-type="table-fn"}    1.1 (0.9 to 1.34)                                      1.36 (0.85 to 2.18)                                    1.61 (1.2 to 2.15) [‡](#tf3-4){ref-type="table-fn"}
   Metabolic syndrome                                                                                                                                                                                                                                                                                                                                   
    Without                                            9706/9585       1.13 (1.00 to 1.28)[†](#tf3-3){ref-type="table-fn"}   1.27 (1.12 to 1.43)[§](#tf3-5){ref-type="table-fn"}    1.76 (1.29 to 2.40)[§](#tf3-5){ref-type="table-fn"}   1.67 (1.36 to 2.05)[§](#tf3-5){ref-type="table-fn"}    2.57 (1.19 to 5.57)[†](#tf3-3){ref-type="table-fn"}    2.67 (1.71 to 4.16)[§](#tf3-5){ref-type="table-fn"}
    With                                               3424/4875       0.96 (0.81 to 1.13)                                   0.83 (0.71 to 0.98)[†](#tf3-3){ref-type="table-fn"}    1.38 (1.1 to 1.74)[‡](#tf3-4){ref-type="table-fn"}    1 (0.82 to 1.20)                                       1.31 (0.89 to 1.93)                                    1.33 (1.02 to 1.73)[†](#tf3-3){ref-type="table-fn"}
   HDL cholesterol status                                                                                                                                                                                                                                                                                                                               
    Normal                                             8498/9824       1.08 (0.94 to 1.25)                                   1.21 (1.07 to 1.38) [‡](#tf3-4){ref-type="table-fn"}   2.06 (1.51 to 2.83)[§](#tf3-5){ref-type="table-fn"}   1.7 (1.4 to 2.05)[§](#tf3-5){ref-type="table-fn"}      1.36 (0.66 to 2.79)                                    2.73 (1.98 to 3.77)[§](#tf3-5){ref-type="table-fn"}
    Abnormal                                           6522/6088       1.08 (0.94 to 1.23)                                   0.9 (0.78 to 1.05)                                     1.35 (1.08 to 1.69)[‡](#tf3-4){ref-type="table-fn"}   1 (0.82 to 1.21)                                       1.56 (1.06 to 2.30)[†](#tf3-3){ref-type="table-fn"}    1.27 (0.94 to 1.71)
   Body mass index status                                                                                                                                                                                                                                                                                                                               
    1st tertile                                        7500/3045       1 (0.83 to 1.21)                                      1.18 (0.91 to 1.54)                                    1.91 (1.03 to 3.54)[†](#tf3-3){ref-type="table-fn"}   1.02 (0.56 to 1.86)                                    1.01 (0.24 to 4.30)                                    0.24 (0.03 to 2.09)
    2nd tertile                                        4340/5861       1.18 (1.01 to 1.37)[†](#tf3-3){ref-type="table-fn"}   1.23 (1.06 to 1.43)[‡](#tf3-4){ref-type="table-fn"}    1.34 (0.95 to 1.88)                                   1.66 (1.29 to 2.14)[§](#tf3-5){ref-type="table-fn"}    1.32 (0.55 to 3.15)                                    2.23 (1.16 to 4.27)[†](#tf3-3){ref-type="table-fn"}
    3rd tertile                                        3246/7081       1.12 (0.93 to 1.34)                                   1.05 (0.9 to 1.22)                                     1.69 (1.32 to 2.15)[§](#tf3-5){ref-type="table-fn"}   1.23 (1.03 to 1.47)[\*](#tf3-2){ref-type="table-fn"}   1.65 (1.1 to 2.47)[\*](#tf3-2){ref-type="table-fn"}    1.57 (1.22 to 2.02)[§](#tf3-5){ref-type="table-fn"}
   Left ventricular hypertrophy                                                                                                                                                                                                                                                                                                                         
    Without                                            14 559/15 122   1.1 (0.99 to 1.22)                                    1.08 (0.98 to 1.20)                                    1.6 (1.33 to 1.92)[§](#tf3-5){ref-type="table-fn"}    1.31 (1.14 to 1.50)[§](#tf3-5){ref-type="table-fn"}    1.48 (1.04 to 2.10)[\*](#tf3-2){ref-type="table-fn"}   1.85 (1.48 to 2.32)[§](#tf3-5){ref-type="table-fn"}
    With                                               548/904         0.88 (0.56 to 1.37)                                   0.97 (0.67 to 1.39)                                    1.18 (0.62 to 2.22)                                   1.56 (0.91 to 2.66)                                    1.62 (0.51 to 5.11)                                    1.86 (0.74 to 4.64)

Model 1: adjusted for age, sex. Model 2: adjusted for age, sex, diabetes, hypertension, cholesterol, HDL, triglycerides, aspartate aminotransferase, body mass index, left ventricular hypertrophy, a history of coronary artery disease, hypokalemia, estimated glomerular filtration rate, high-sensitivity C-reactive protein, smoking, and metabolic syndrome (the fully adjusted model). HDL indicates high-density lipoprotein; NAFLD, nonalcoholic fatty liver disease; OR, odds ratios; QTc, corrected QT.

In the subgroup analyses, all variables in model 2 other than the variable for stratification were included; all of the subgroup analyses were analyzed by Bazett's criteria

*P*\<0.05

*P*\<0.01

*P*\<0.001.

###### 

Multivariable Logistic Regression: Severity of NAFLD to Predict QTc Prolongation by 3 Different QTc Criteria in All Participants

                                                       n        QTc ≥440 ms (Men) or ≥450 ms (Women)                  QTc ≥440 ms (Men) or ≥460 ms (Women)                  QTc ≥470 ms                                                                                                                                                                                                                                                                                                                        
  ---------------------------------------------------- -------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- ---------------------------------------------------- ----------------------------------------------------- -----------------------------------------------------
  All participants[\*](#tf4-2){ref-type="table-fn"}    31 116   1.08 (1.01 to 1.15)[†](#tf4-3){ref-type="table-fn"}   1.37 (1.24 to 1.52)[†](#tf4-3){ref-type="table-fn"}   1.73 (1.45 to 2.05)[†](#tf4-3){ref-type="table-fn"}   1.06 (0.99 to 1.14)                                   1.36 (1.22 to 0.51)[†](#tf4-3){ref-type="table-fn"}   1.65 (1.38 to 1.96)[†](#tf4-3){ref-type="table-fn"}   0.97 (0.89 to 1.06)                                  1.22 (1.07 to 1.39)[†](#tf4-3){ref-type="table-fn"}   1.45 (1.18 to 1.78)[†](#tf4-3){ref-type="table-fn"}
  Subgroup analyses[\*](#tf4-2){ref-type="table-fn"}                                                                                                                                                                                                                                                                                                                                                                                                                                                           
   Age group                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
    1st tertile                                        10 405   1.3 (1.14 to 1.49)[§](#tf4-5){ref-type="table-fn"}    1.41 (1.14 to 1.74)[‡](#tf4-4){ref-type="table-fn"}   1.85 (1.35 to 2.55)[§](#tf4-5){ref-type="table-fn"}   1.25 (1.09 to 1.44)[‡](#tf4-4){ref-type="table-fn"}   1.37 (1.11 to 1.70)[‡](#tf4-4){ref-type="table-fn"}   1.75 (1.27 to 2.41)[§](#tf4-5){ref-type="table-fn"}   1.1 (0.92 to 1.32)                                   1.34 (1.02 to 1.75)[†](#tf4-3){ref-type="table-fn"}   1.4 (0.94 to 2.07)
    2nd tertile                                        10 347   1.04 (0.92 to 1.17)                                   1.32 (1.11 to 1.58)[‡](#tf4-4){ref-type="table-fn"}   1.5 (1.11 to 2.03)[‡](#tf4-4){ref-type="table-fn"}    1.04 (0.92 to 1.18)                                   1.34 (1.12 to 1.61)[‡](#tf4-4){ref-type="table-fn"}   1.48 (1.09 to 2.01)[†](#tf4-3){ref-type="table-fn"}   0.96 (0.82 to 1.12)                                  1.07 (0.84 to 1.34)                                   1.12 (0.77 to 1.62)
    3rd tertile                                        10 364   1.05 (0.94 to 1.17)                                   1.47 (1.25 to 1.73)[§](#tf4-5){ref-type="table-fn"}   1.79 (1.33 to 2.42)[§](#tf4-5){ref-type="table-fn"}   1.03 (0.92 to 1.15)                                   1.43 (1.21 to 1.68)[§](#tf4-5){ref-type="table-fn"}   1.74 (1.28 to 2.35)[§](#tf4-5){ref-type="table-fn"}   0.98 (0.86 to 1.13)                                  1.4 (1.15 to 1.70)[§](#tf4-5){ref-type="table-fn"}    1.79 (1.27 to 2.51)[§](#tf4-5){ref-type="table-fn"}
   Sex                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
    Female                                             15 102   1.06 (0.96 to 1.17)                                   1.41 (1.19 to 1.68)[§](#tf4-5){ref-type="table-fn"}   1.57 (1.14 to 2.17)[‡](#tf4-4){ref-type="table-fn"}   1.02 (0.91 to 1.13)                                   1.38 (1.15 to 1.65)[§](#tf4-5){ref-type="table-fn"}   1.41 (1.01 to 1.95)[†](#tf4-3){ref-type="table-fn"}   0.96 (0.85 to 1.08)                                  1.29 (1.06 to 1.57)[†](#tf4-3){ref-type="table-fn"}   1.34 (0.95 to 1.88)
    Male                                               16 014   1.11 (1.01 to 1.22)[†](#tf4-3){ref-type="table-fn"}   1.39 (1.22 to 1.59)[§](#tf4-5){ref-type="table-fn"}   1.87 (1.51 to 2.31)[§](#tf4-5){ref-type="table-fn"}   1.11 (1.01 to 1.22)[†](#tf4-3){ref-type="table-fn"}   1.39 (1.22 to 1.59)[§](#tf4-5){ref-type="table-fn"}   1.87 (1.51 to 2.31)[§](#tf4-5){ref-type="table-fn"}   0.99 (0.87 to 1.13)                                  1.22 (1.02 to 1.46)[†](#tf4-3){ref-type="table-fn"}   1.58 (1.2 to 2.07)[§](#tf4-5){ref-type="table-fn"}
   Diabetes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
    Without                                            27 855   1.1 (1.03 to 1.19)[‡](#tf4-4){ref-type="table-fn"}    1.36 (1.21 to 1.53)[§](#tf4-5){ref-type="table-fn"}   1.66 (1.36 to 2.04)[§](#tf4-5){ref-type="table-fn"}   1.09 (1.01 to 1.18)[†](#tf4-3){ref-type="table-fn"}   1.35 (1.2 to 1.52)[§](#tf4-5){ref-type="table-fn"}    1.63 (1.32 to 2.01)[§](#tf4-5){ref-type="table-fn"}   0.99 (0.9 to 1.09)                                   1.23 (1.06 to 1.43)[‡](#tf4-4){ref-type="table-fn"}   1.35 (1.05 to 1.75)[†](#tf4-3){ref-type="table-fn"}
    With                                               3261     0.95 (0.79 to 1.15)                                   1.33 (1.05 to 1.68)[†](#tf4-3){ref-type="table-fn"}   1.67 (1.17 to 2.37)[‡](#tf4-4){ref-type="table-fn"}   0.92 (0.76 to 1.11)                                   1.31 (1.04 to 1.67)[†](#tf4-3){ref-type="table-fn"}   1.58 (1.11 to 2.24)[†](#tf4-3){ref-type="table-fn"}   0.89 (0.71 to 1.11)                                  1.19 (0.9 to 1.56)                                    1.45 (0.98 to 2.13)
   Hypertension                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
    Without                                            23 685   1.14 (1.05 to 1.23)[‡](#tf4-4){ref-type="table-fn"}   1.45 (1.27 to 1.66)[§](#tf4-5){ref-type="table-fn"}   1.72 (1.33 to 2.22)[§](#tf4-5){ref-type="table-fn"}   1.12 (1.03 to 1.22)[‡](#tf4-4){ref-type="table-fn"}   1.45 (1.26 to 1.66)[§](#tf4-5){ref-type="table-fn"}   1.64 (1.26 to 2.13)[§](#tf4-5){ref-type="table-fn"}   1.02 (0.91 to 1.14)                                  1.31 (1.1 to 1.56)[‡](#tf4-4){ref-type="table-fn"}    1.19 (0.85 to 1.67)
    With                                               7431     0.94 (0.84 to 1.07)                                   1.19 (1.01 to 1.40)[†](#tf4-3){ref-type="table-fn"}   1.51 (1.18 to 1.94)[§](#tf4-5){ref-type="table-fn"}   0.94 (0.83 to 1.06)                                   1.18 (1 to 1.39)[†](#tf4-3){ref-type="table-fn"}      1.49 (1.17 to 1.91)[‡](#tf4-4){ref-type="table-fn"}   0.89 (0.77 to 1.03)                                  1.1 (0.91 to 1.34)                                    1.47 (1.11 to 1.94)[‡](#tf4-4){ref-type="table-fn"}
   Metabolic syndrome                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
    Without                                            26 479   1.1 (1.02 to 1.19)[†](#tf4-3){ref-type="table-fn"}    1.46 (1.29 to 1.65)[§](#tf4-5){ref-type="table-fn"}   2.05 (1.6 to 2.64)[§](#tf4-5){ref-type="table-fn"}    1.09 (1.01 to 1.18)[†](#tf4-3){ref-type="table-fn"}   1.45 (1.28 to 1.65)[§](#tf4-5){ref-type="table-fn"}   2 (1.55 to 2.58)[§](#tf4-5){ref-type="table-fn"}      0.99 (0.9 to 1.10)                                   1.35 (1.15 to 1.58)[§](#tf4-5){ref-type="table-fn"}   1.46 (1.05 to 2.01)[†](#tf4-3){ref-type="table-fn"}
    With                                               4637     0.9 (0.77 to 1.07)                                    1.07 (0.88 to 1.29)                                   1.23 (0.94 to 1.60)                                   0.88 (0.74 to 1.03)                                   1.04 (0.86 to 1.27)                                   1.18 (0.91 to 1.54)                                   0.84 (0.7 to 1.02)                                   0.97 (0.78 to 1.22)                                   1.2 (0.89 to 1.62)
   HDL cholesterol status                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
    Without                                            24 830   1.1 (1.02 to 1.19)[†](#tf4-3){ref-type="table-fn"}    1.53 (1.35 to 1.73)[§](#tf4-5){ref-type="table-fn"}   1.95 (1.56 to 2.43)[§](#tf4-5){ref-type="table-fn"}   1.08 (1.00 to 1.17)                                   1.52 (1.34 to 1.72)[§](#tf4-5){ref-type="table-fn"}   1.87 (1.49 to 2.34)[§](#tf4-5){ref-type="table-fn"}   1 (0.91 to 1.11)                                     1.38 (1.18 to 1.61)[§](#tf4-5){ref-type="table-fn"}   1.62 (1.25 to 2.10)[§](#tf4-5){ref-type="table-fn"}
    With                                               6085     0.96 (0.83 to 1.12)                                   1.05 (0.87 to 1.27)                                   1.3 (0.97 to 1.74)                                    0.96 (0.83 to 1.11)                                   1.05 (0.87 to 1.27)                                   1.3 (0.97 to 1.74)                                    0.8 (0.66 to 0.98)[†](#tf4-3){ref-type="table-fn"}   0.87 (0.68 to 1.11)                                   1.06 (0.73 to 1.54)
   Body mass index status                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
    1st tertile                                        10 541   1.04 (0.89 to 1.21)                                   1.46 (0.98 to 2.16)                                   0.57 (0.18 to 1.83)                                   1.02 (0.87 to 1.19)                                   1.44 (0.96 to 2.15)                                   0.45 (0.13 to 1.64)                                   0.87 (0.71 to 1.06)                                  1.41 (0.9 to 2.22)                                    0.49 (0.11 to 2.26)
    2nd tertile                                        10 198   1.16 (1.04 to 1.29)[‡](#tf4-4){ref-type="table-fn"}   1.42 (1.17 to 1.73)[§](#tf4-5){ref-type="table-fn"}   1.91 (1.15 to 3.16)[†](#tf4-3){ref-type="table-fn"}   1.13 (1.02 to 1.26)[†](#tf4-3){ref-type="table-fn"}   1.47 (1.2 to 1.79)[§](#tf4-5){ref-type="table-fn"}    1.81 (1.08 to 3.02)[†](#tf4-3){ref-type="table-fn"}   1.06 (0.92 to 1.22)                                  1.25 (0.97 to 1.60)                                   1.13 (0.58 to 2.19)
    3rd tertile                                        10 319   1.07 (0.96 to 1.20)                                   1.35 (1.17 to 1.55)[§](#tf4-5){ref-type="table-fn"}   1.6 (1.3 to 1.97)[§](#tf4-5){ref-type="table-fn"}     1.08 (0.96 to 1.21)                                   1.33 (1.15 to 1.53)[§](#tf4-5){ref-type="table-fn"}   1.56 (1.26 to 1.92)[§](#tf4-5){ref-type="table-fn"}   1.01 (0.86 to 1.17)                                  1.25 (1.04 to 1.49)[†](#tf4-3){ref-type="table-fn"}   1.44 (1.12 to 1.84)[‡](#tf4-4){ref-type="table-fn"}
   Left ventricular hypertrophy                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
    Without                                            29 665   1.09 (1.01 to 1.17)[†](#tf4-3){ref-type="table-fn"}   1.37 (1.23 to 1.53)[§](#tf4-5){ref-type="table-fn"}   1.68 (1.4 to 2.02)[§](#tf4-5){ref-type="table-fn"}    1.07 (1 to 1.15)                                      1.36 (1.22 to 1.51)[§](#tf4-5){ref-type="table-fn"}   1.62 (1.35 to 1.94)[§](#tf4-5){ref-type="table-fn"}   0.99 (0.9 to 1.09)                                   1.24 (1.08 to 1.42)[‡](#tf4-4){ref-type="table-fn"}   1.4 (1.13 to 1.74)[‡](#tf4-4){ref-type="table-fn"}
    With                                               1451     0.98 (0.74 to 1.29)                                   1.33 (0.89 to 1.99)                                   1.64 (0.81 to 3.29)                                   0.93 (0.7 to 1.24)                                    1.32 (0.88 to 1.97)                                   1.85 (0.92 to 3.74)                                   0.76 (0.53 to 1.08)                                  1.01 (0.62 to 1.64)                                   1.41 (0.65 to 3.06)

HDL indicates high-density lipoprotein; NAFLD, nonalcoholic fatty liver disease; OR, odds ratios; QTc, corrected QT.

Adjusted for age, diabetes, hypertension, cholesterol, HDL, triglycerides, aspartate aminotransferase, body mass index, left ventricular hypertrophy, a history of coronary artery disease, hypokalemia, estimated glomerular filtration rate, high-sensitivity C-reactive protein, smoking, and metabolic syndrome. In the subgroup analyses, all variables other than the variable for stratification were included. Analyzed by Bazett's criteria

*P*\<0.05

*P*\<0.01

*P*\<0.001.

###### 

Multivariable Logistic Regression: Severity of NAFLD to Predict QTc Prolongation by Different QTc Criteria Among Participants With Alcohol Consumption \<10 g Per Week

                                                                                       n        QTc ≥440 ms                                           QTc ≥440 ms (men) or ≥450 ms (Women)                  QTc ≥440 ms (Men) or ≥460 ms (Women)                  QTc ≥470 ms                                                                                                                                                                                                                                                                                                                                                                                                     
  ------------------------------------------------------------------------------------ -------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- --------------------- ----------------------------------------------------- -----------------------------------------------------
  Participants with alcohol consumption \<10 g/week[\*](#tf5-2){ref-type="table-fn"}   24 648   1.12 (1.05 to 1.21)[†](#tf5-3){ref-type="table-fn"}   1.42 (1.27 to 1.58)[†](#tf5-3){ref-type="table-fn"}   1.71 (1.42 to 2.07)[†](#tf5-3){ref-type="table-fn"}   1.09 (1.01 to 1.17)[†](#tf5-3){ref-type="table-fn"}   1.35 (1.21 to 1.51)[†](#tf5-3){ref-type="table-fn"}   1.74 (1.44 to 2.10)[†](#tf5-3){ref-type="table-fn"}   1.07 (1 to 1.16)                                      1.33 (1.19 to 1.49)[†](#tf5-3){ref-type="table-fn"}   1.65 (1.36 to 2.00)[†](#tf5-3){ref-type="table-fn"}   0.98 (0.89 to 1.07)   1.19 (1.04 to 1.37)[†](#tf5-3){ref-type="table-fn"}   1.45 (1.16 to 1.81)[†](#tf5-3){ref-type="table-fn"}
  Subgroup analyses[\*](#tf5-2){ref-type="table-fn"}                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
   Age group                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
    1st tertile                                                                        8656     1.32 (1.14 to 1.52)[§](#tf5-5){ref-type="table-fn"}   1.55 (1.24 to 1.93)[§](#tf5-5){ref-type="table-fn"}   1.88 (1.33 to 2.64)[§](#tf5-5){ref-type="table-fn"}   1.31 (1.13 to 1.51)[§](#tf5-5){ref-type="table-fn"}   1.44 (1.15 to 1.8)[‡](#tf5-4){ref-type="table-fn"}    1.95 (1.39 to 2.74)[§](#tf5-5){ref-type="table-fn"}   1.26 (1.08 to 1.46)[‡](#tf5-4){ref-type="table-fn"}   1.4 (1.11 to 1.76)[‡](#tf5-4){ref-type="table-fn"}    1.82 (1.29 to 2.57)[§](#tf5-5){ref-type="table-fn"}   1.14 (0.94 to 1.38)   1.41 (1.06 to 1.87)[†](#tf5-3){ref-type="table-fn"}   1.5 (0.99 to 2.29)
    2nd tertile                                                                        8078     1.16 (1.03 to 1.31)[†](#tf5-3){ref-type="table-fn"}   1.38 (1.14 to 1.67)[§](#tf5-5){ref-type="table-fn"}   1.5 (1.08 to 2.09)[†](#tf5-3){ref-type="table-fn"}    1.08 (0.95 to 1.22)                                   1.34 (1.11 to 1.63)[‡](#tf5-4){ref-type="table-fn"}   1.49 (1.07 to 2.07)[†](#tf5-3){ref-type="table-fn"}   1.07 (0.94 to 1.22)                                   1.34 (1.10 to 1.64)[‡](#tf5-4){ref-type="table-fn"}   1.4 (1.00 to 1.96)[†](#tf5-3){ref-type="table-fn"}    0.99 (0.84 to 1.17)   1.08 (0.84 to 1.4)                                    1.09 (0.72 to 1.63)
    3rd tertile                                                                        7914     1.05 (0.94 to 1.18)                                   1.46 (1.22 to 1.74)[§](#tf5-5){ref-type="table-fn"}   1.93 (1.40 to 2.65)[§](#tf5-5){ref-type="table-fn"}   1.05 (0.94 to 1.18)                                   1.39 (1.17 to 1.66)[§](#tf5-5){ref-type="table-fn"}   1.85 (1.35 to 2.55)[§](#tf5-5){ref-type="table-fn"}   1.03 (0.91 to 1.16)                                   1.35 (1.13 to 1.62)[‡](#tf5-4){ref-type="table-fn"}   1.82 (1.32 to 2.52)[§](#tf5-5){ref-type="table-fn"}   0.96 (0.83 to 1.12)   1.28 (1.03 to 1.59)[†](#tf5-3){ref-type="table-fn"}   1.85 (1.3 to 2.64)[§](#tf5-5){ref-type="table-fn"}
   Sex                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
    Female                                                                             12 660   1.16 (1.05 to 1.28)[‡](#tf5-4){ref-type="table-fn"}   1.63 (1.37 to 1.95)[§](#tf5-5){ref-type="table-fn"}   1.71 (1.22 to 2.41)[‡](#tf5-4){ref-type="table-fn"}   1.1 (0.99 to 1.22)                                    1.45 (1.21 to 1.74)[§](#tf5-5){ref-type="table-fn"}   1.72 (1.23 to 2.40)[‡](#tf5-4){ref-type="table-fn"}   1.05 (0.94 to 1.18)                                   1.4 (1.16 to 1.69)[§](#tf5-5){ref-type="table-fn"}    1.51 (1.08 to 2.12)[†](#tf5-3){ref-type="table-fn"}   0.97 (0.86 to 1.11)   1.28 (1.05 to 1.58)[†](#tf5-3){ref-type="table-fn"}   1.36 (0.95 to 1.95)
    Male                                                                               11 988   1.1 (0.99 to 1.22)                                    1.34 (1.16 to 1.55)[§](#tf5-5){ref-type="table-fn"}   1.83 (1.45 to 2.31)[§](#tf5-5){ref-type="table-fn"}   1.1 (0.99 to 1.22)                                    1.34 (1.16 to 1.55)[§](#tf5-5){ref-type="table-fn"}   1.83 (1.45 to 2.31)[§](#tf5-5){ref-type="table-fn"}   1.1 (0.99 to 1.22)                                    1.34 (1.16 to 1.55)[§](#tf5-5){ref-type="table-fn"}   1.83 (1.45 to 2.31)[§](#tf5-5){ref-type="table-fn"}   1.00 (0.86 to 1.15)   1.17 (0.96 to 1.43)                                   1.6 (1.19 to 2.15)[‡](#tf5-4){ref-type="table-fn"}
   Diabetes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
    Without                                                                            22 212   1.16 (1.07 to 1.25)[§](#tf5-5){ref-type="table-fn"}   1.39 (1.23 to 1.58)[§](#tf5-5){ref-type="table-fn"}   1.7 (1.36 to 2.11)[§](#tf5-5){ref-type="table-fn"}    1.11 (1.03 to 1.20)[‡](#tf5-4){ref-type="table-fn"}   1.33 (1.17 to 1.51)[§](#tf5-5){ref-type="table-fn"}   1.67 (1.34 to 2.07)[§](#tf5-5){ref-type="table-fn"}   1.1 (1.01 to 1.19)[†](#tf5-3){ref-type="table-fn"}    1.31 (1.15 to 1.49)[§](#tf5-5){ref-type="table-fn"}   1.61 (1.28 -- 2.00)[§](#tf5-5){ref-type="table-fn"}   0.99 (0.89 to 1.10)   1.19 (1.01 to 1.39)[†](#tf5-3){ref-type="table-fn"}   1.35 (1.03 to 1.76)[†](#tf5-3){ref-type="table-fn"}
    With                                                                               2436     0.93 (0.76 to 1.14)                                   1.38 (1.06 to 1.8)[†](#tf5-3){ref-type="table-fn"}    1.65 (1.12 to 2.43)[†](#tf5-3){ref-type="table-fn"}   0.98 (0.8 to 1.21)                                    1.37 (1.05 to 1.78)[†](#tf5-3){ref-type="table-fn"}   1.79 (1.22 to 2.63)[‡](#tf5-4){ref-type="table-fn"}   0.94 (0.77 to 1.17)                                   1.35 (1.03 to 1.75)[†](#tf5-3){ref-type="table-fn"}   1.68 (1.15 to 2.47)[‡](#tf5-4){ref-type="table-fn"}   0.94 (0.74 to 1.19)   1.23 (0.91 to 1.66)                                   1.57 (1.04 to 2.39)[†](#tf5-3){ref-type="table-fn"}
   Hypertension                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
    Without                                                                            19 036   1.2 (1.11 to 1.31)[§](#tf5-5){ref-type="table-fn"}    1.57 (1.36 to 1.8)[§](#tf5-5){ref-type="table-fn"}    1.77 (1.34 to 2.34)[§](#tf5-5){ref-type="table-fn"}   1.15 (1.06 to 1.26)[‡](#tf5-4){ref-type="table-fn"}   1.5 (1.30 to 1.73)[§](#tf5-5){ref-type="table-fn"}    1.79 (1.36 to 2.37)[§](#tf5-5){ref-type="table-fn"}   1.13 (1.03 to 1.24)[‡](#tf5-4){ref-type="table-fn"}   1.48 (1.28 to 1.71)[§](#tf5-5){ref-type="table-fn"}   1.66 (1.25 to 2.20)[§](#tf5-5){ref-type="table-fn"}   1.01 (0.90 to 1.14)   1.28 (1.06 to 1.55)[‡](#tf5-4){ref-type="table-fn"}   1.27 (0.89 to 1.82)
    With                                                                               5612     0.94 (0.82 to 1.07)                                   1.14 (0.95 to 1.37)                                   1.48 (1.13 to 1.93)[‡](#tf5-4){ref-type="table-fn"}   0.95 (0.83 to 1.09)                                   1.11 (0.93 to 1.33)                                   1.49 (1.14 to 1.94)[‡](#tf5-4){ref-type="table-fn"}   0.94 (0.83 to 1.08)                                   1.10 (0.91 to 1.32)                                   1.48 (1.14 to 1.93)[‡](#tf5-4){ref-type="table-fn"}   0.92 (0.78 to 1.08)   1.08 (0.88 to 1.34)                                   1.47 (1.09 to 1.98)[†](#tf5-3){ref-type="table-fn"}
   Metabolic syndrome                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
    Without                                                                            21 168   1.16 (1.07 to 1.25)[§](#tf5-5){ref-type="table-fn"}   1.52 (1.33 to 1.74)[§](#tf5-5){ref-type="table-fn"}   2.16 (1.65 to 2.82)[§](#tf5-5){ref-type="table-fn"}   1.12 (1.03 to 1.21)[‡](#tf5-4){ref-type="table-fn"}   1.44 (1.26 to 1.65)[§](#tf5-5){ref-type="table-fn"}   2.13 (1.63 to 2.79)[§](#tf5-5){ref-type="table-fn"}   1.10 (1.01 to 1.19)[†](#tf5-3){ref-type="table-fn"}   1.43 (1.25 to 1.65)[§](#tf5-5){ref-type="table-fn"}   2.01 (1.53 to 2.64)[§](#tf5-5){ref-type="table-fn"}   0.99 (0.89 to 1.10)   1.29 (1.09 to 1.54)[‡](#tf5-4){ref-type="table-fn"}   1.5 (1.07 to 2.11)[†](#tf5-3){ref-type="table-fn"}
    With                                                                               3480     0.93 (0.77 to 1.11)                                   1.06 (0.86 to 1.32)                                   1.18 (0.88 to 1.59)                                   0.93 (0.78 to 1.12)                                   1.06 (0.85 to 1.31)                                   1.23 (0.92 to 1.64)                                   0.92 (0.76 to 1.10)                                   1.03 (0.83 to 1.28)                                   1.20 (0.90 to 1.60)                                   0.91 (0.74 to 1.13)   1 (0.78 to 1.28)                                      1.26 (0.91 to 1.75)
   HDL cholesterol status                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
    Without                                                                            19 758   1.16 (1.07 to 1.26)[§](#tf5-5){ref-type="table-fn"}   1.58 (1.39 to 1.81)[§](#tf5-5){ref-type="table-fn"}   2 (1.57 to 2.55)[§](#tf5-5){ref-type="table-fn"}      1.12 (1.03 to 1.22)[‡](#tf5-4){ref-type="table-fn"}   1.49 (1.30 to 1.70)[§](#tf5-5){ref-type="table-fn"}   2 (1.57 to 2.54)[§](#tf5-5){ref-type="table-fn"}      1.10 (1.00 to 1.20)[†](#tf5-3){ref-type="table-fn"}   1.46 (1.27 to 1.68)[§](#tf5-5){ref-type="table-fn"}   1.88 (1.48 to 2.4)[§](#tf5-5){ref-type="table-fn"}    1 (0.9 to 1.11)       1.3 (1.1 to 1.54)[‡](#tf5-4){ref-type="table-fn"}     1.58 (1.2 to 2.09)[‡](#tf5-4){ref-type="table-fn"}
    With                                                                               4769     0.98 (0.83 to 1.14)                                   1.08 (0.88 to 1.32)                                   1.32 (0.96 to 1.8)                                    0.98 (0.83 to 1.14)                                   1.08 (0.88 to 1.32)                                   1.32 (0.96 to 1.8)                                    0.98 (0.83 to 1.14)                                   1.08 (0.88 to 1.32)                                   1.32 (0.96 to 1.80)                                   0.85 (0.69 to 1.06)   0.94 (0.72 to 1.23)                                   1.21 (0.81 to 1.8)
   Body mass index status                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
    1st tertile                                                                        8741     1.07 (0.92 to 1.24)                                   1.35 (0.89 to 2.06)                                   0.58 (0.17 to 1.94)                                   1.02 (0.87 to 1.20)                                   1.34 (0.87 to 2.04)                                   0.47 (0.13 to 1.73)                                   1.01 (0.85 to 1.20)                                   1.42 (0.92 to 2.18)                                   0.32 (0.07 to 1.50)                                   0.85 (0.69 to 1.05)   1.45 (0.9 to 2.35)                                    0.26 (0.03 to 2.06)
    2nd tertile                                                                        8012     1.21 (1.09 to 1.35)[§](#tf5-5){ref-type="table-fn"}   1.58 (1.28 to 1.95)[§](#tf5-5){ref-type="table-fn"}   2.28 (1.31 to 3.96)[‡](#tf5-4){ref-type="table-fn"}   1.17 (1.05 to 1.31)[‡](#tf5-4){ref-type="table-fn"}   1.46 (1.18 to 1.81)[§](#tf5-5){ref-type="table-fn"}   2.29 (1.32 to 3.96)[‡](#tf5-4){ref-type="table-fn"}   1.13 (1.00 to 1.27)[†](#tf5-3){ref-type="table-fn"}   1.48 (1.19 to 1.84)[§](#tf5-5){ref-type="table-fn"}   2.25 (1.29 to 3.90)[‡](#tf5-4){ref-type="table-fn"}   1.07 (0.92 to 1.25)   1.28 (0.98 to 1.68)                                   1.47 (0.75 to 2.89)
    3rd tertile                                                                        7855     1.13 (1 to 1.28)                                      1.39 (1.2 to 1.62)[§](#tf5-5){ref-type="table-fn"}    1.65 (1.32 to 2.06)[§](#tf5-5){ref-type="table-fn"}   1.11 (0.98 to 1.26)                                   1.34 (1.15 to 1.56)[§](#tf5-5){ref-type="table-fn"}   1.64 (1.31 to 2.05)[§](#tf5-5){ref-type="table-fn"}   1.11 (0.98 to 1.27)                                   1.31 (1.12 to 1.53)[§](#tf5-5){ref-type="table-fn"}   1.57 (1.25 to 1.97)[§](#tf5-5){ref-type="table-fn"}   1.02 (0.87 to 1.21)   1.19 (0.98 to 1.45)                                   1.44 (1.1 to 1.88)[‡](#tf5-4){ref-type="table-fn"}
   Left ventricular hypertrophy                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
    Without                                                                            23 607   1.14 (1.06 to 1.23)[§](#tf5-5){ref-type="table-fn"}   1.43 (1.27 to 1.60)[§](#tf5-5){ref-type="table-fn"}   1.68 (1.38 to 2.04)[§](#tf5-5){ref-type="table-fn"}   1.11 (1.03 to 1.19)[‡](#tf5-4){ref-type="table-fn"}   1.36 (1.21 to 1.53)[§](#tf5-5){ref-type="table-fn"}   1.70 (1.40 to 2.06)[§](#tf5-5){ref-type="table-fn"}   1.08 (1 to 1.17)[†](#tf5-3){ref-type="table-fn"}      1.33 (1.18 to 1.50)[§](#tf5-5){ref-type="table-fn"}   1.61 (1.32 to 1.96)[§](#tf5-5){ref-type="table-fn"}   1 (0.9 to 1.1)        1.21 (1.05 to 1.40)[‡](#tf5-4){ref-type="table-fn"}   1.41 (1.12 to 1.78)[‡](#tf5-4){ref-type="table-fn"}
    With                                                                               1041     0.95 (0.7 to 1.29)                                    1.3 (0.82 to 2.06)                                    2.13 (0.98 to 4.65)                                   0.97 (0.71 to 1.33)                                   1.26 (0.8 to 2.00)                                    1.84 (0.85 to 3.96)                                   0.93 (0.67 to 1.28)                                   1.3 (0.82 to 2.07)                                    2.14 (0.99 to 4.62)                                   0.77 (0.51 to 1.14)   0.97 (0.55 to 1.69)                                   1.61 (0.7 to 3.73)

HDL indicates high-density lipoprotein; NAFLD, nonalcoholic fatty liver disease; OR, odds ratios; QTc, corrected QT.

Adjusted for age, diabetes, hypertension, cholesterol, HDL, triglycerides, aspartate aminotransferase, body mass index, left ventricular hypertrophy, a history of coronary artery disease, hypokalemia, estimated glomerular filtration rate, high-sensitivity C-reactive protein, smoking, and metabolic syndrome. In the subgroup analyses, all variables other than the variable for stratification were included. Analyzed by Bazett's criteria

*P*\<0.05.

*P*\<0.01.

*P*\<0.001.

###### 

Multivariable Logistic Regression: Severity of NAFLD to Predict QTc Prolongation by Different Criteria Among Participants Without Any Alcohol Consumption

                                                                              n        QTc ≥440 ms                                           QTc ≥440 ms (Men) or ≥450 ms (Women)                  QTc ≥440 ms (Men) or ≥460 ms (Women)                  QTc ≥470 ms                                                                                                                                                                                                                                                                                                                                                                     
  --------------------------------------------------------------------------- -------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- --------------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- --------------------- --------------------------------------------
  Participants without alcohol consumption[\*](#tf6-2){ref-type="table-fn"}   10 127   1.07 (0.97 to 1.19)                                   1.37 (1.16 to 1.61)[†](#tf6-3){ref-type="table-fn"}   1.85 (1.39 to 2.46)[†](#tf6-3){ref-type="table-fn"}   1.05 (0.95 to 1.17)                                   1.28 (1.09 to 1.51)[†](#tf6-3){ref-type="table-fn"}   1.78 (1.34 to 2.35)[†](#tf6-3){ref-type="table-fn"}   1.01 (0.9 to 1.12)    1.23 (1.0 to 1.46)[†](#tf6-3){ref-type="table-fn"}    1.67 (1.26 to 2.22)[†](#tf6-3){ref-type="table-fn"}   0.88 (0.77 to 1.00)                                   1.08 (0.89 to 1.31)   1.34 (0.90 to 1.84)
  Subgroup analyses[\*](#tf6-2){ref-type="table-fn"}                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
   Age group                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
    1st tertile                                                               3216     1.23 (0.99 to 1.53)                                   1.32 (0.92 to 1.88)                                   2.11 (1.21 to 3.68)[‡](#tf6-4){ref-type="table-fn"}   1.22 (0.98 to 1.53)                                   1.16 (0.81 to 1.67)                                   2.21 (1.27 to 3.83)[‡](#tf6-4){ref-type="table-fn"}   1.16 (0.91 to 1.46)   1.18 (0.81 to 1.7)                                    2.15 (1.24 to 3.74)[‡](#tf6-4){ref-type="table-fn"}   1.04 (0.78 to 1.39)                                   1.25 (0.8 to 1.95)    1.6 (0.83 to 3.06)
    2nd tertile                                                               3213     1.18 (0.99 to 1.42)                                   1.5 (1.11 to 2.01)[‡](#tf6-4){ref-type="table-fn"}    1.72 (1.03 to 2.88)[†](#tf6-3){ref-type="table-fn"}   1.11 (0.92 to 1.34)                                   1.46 (1.08 to 1.96)[†](#tf6-3){ref-type="table-fn"}   1.63 (0.98 to 2.72)                                   1.09 (0.89 to 1.33)   1.44 (1.06 to 1.96)[†](#tf6-3){ref-type="table-fn"}   1.56 (0.93 to 2.64)                                   1.04 (0.82 to 1.32)                                   1.08 (0.74 to 1.57)   1.23 (0.67 to 2.25)
    3rd tertile                                                               3698     0.99 (0.85 to 1.16)                                   1.44 (1.12 to 1.84)[‡](#tf6-4){ref-type="table-fn"}   1.97 (1.27 to 3.07)[‡](#tf6-4){ref-type="table-fn"}   1 (0.85 to 1.17)                                      1.35 (1.05 to 1.73)[†](#tf6-3){ref-type="table-fn"}   1.76 (1.14 to 2.73)[†](#tf6-3){ref-type="table-fn"}   0.95 (0.81 to 1.12)   1.25 (0.97 to 1.62)                                   1.61 (1.04 to 2.51)[†](#tf6-3){ref-type="table-fn"}   0.77 (0.64 to 0.94)[†](#tf6-3){ref-type="table-fn"}   1.12 (0.84 to 1.49)   1.44 (0.9 to 2.32)
   Sex                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
    Female                                                                    6768     1.12 (0.99 to 1.27)                                   1.57 (1.25 to 1.96)[§](#tf6-5){ref-type="table-fn"}   1.91 (1.25 to 2.94)[‡](#tf6-4){ref-type="table-fn"}   1.09 (0.95 to 1.24)                                   1.36 (1.09 to 1.71)[‡](#tf6-4){ref-type="table-fn"}   1.71 (1.13 to 2.58)[†](#tf6-3){ref-type="table-fn"}   1.02 (0.88 to 1.18)   1.29 (1.02 to 1.64)[†](#tf6-3){ref-type="table-fn"}   1.57 (1.03 to 2.38)[†](#tf6-3){ref-type="table-fn"}   0.93 (0.79 to 1.09)                                   1.18 (0.91 to 1.53)   1.23 (0.79 to 1.91)
    Male                                                                      3359     0.98 (0.82 to 1.17)                                   1.2 (0.93 to 1.54)                                    1.86 (1.25 to 2.78)[‡](#tf6-4){ref-type="table-fn"}   0.98 (0.82 to 1.17)                                   1.2 (0.93 to 1.54)                                    1.86 (1.25 to 2.78)[‡](#tf6-4){ref-type="table-fn"}   0.98 (0.82 to 1.17)   1.2 (0.93 to 1.54)                                    1.86 (1.25 to 2.78)[‡](#tf6-4){ref-type="table-fn"}   0.73 (0.57 to 0.93)[†](#tf6-3){ref-type="table-fn"}   0.92 (0.66 to 1.27)   1.45 (0.9 to 2.34)
   Diabetes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
    Without                                                                   8911     1.12 (1 to 1.25)                                      1.39 (1.15 to 1.68)[§](#tf6-5){ref-type="table-fn"}   1.78 (1.27 to 2.48)[§](#tf6-5){ref-type="table-fn"}   1.07 (0.95 to 1.20)                                   1.26 (1.04 to 1.53)[†](#tf6-3){ref-type="table-fn"}   1.64 (1.17 to 2.29)[‡](#tf6-4){ref-type="table-fn"}   1.03 (0.91 to 1.16)   1.2 (0.99 to 1.46)                                    1.5 (1.07 to 2.11)[†](#tf6-3){ref-type="table-fn"}    0.88 (0.76 to 1.02)                                   1.06 (0.84 to 1.34)   1.17 (0.79 to 1.75)
    With                                                                      1216     0.89 (0.68 to 1.16)                                   1.21 (0.85 to 1.72)                                   1.81 (1.04 to 3.17)[†](#tf6-3){ref-type="table-fn"}   0.97 (0.74 to 1.28)                                   1.26 (0.88 to 1.79)                                   1.95 (1.13 to 3.38)[†](#tf6-3){ref-type="table-fn"}   0.95 (0.72 to 1.25)   1.3 (0.91 to 1.86)                                    2.06 (1.19 to 3.56)[‡](#tf6-4){ref-type="table-fn"}   0.87 (0.64 to 1.18)                                   1.14 (0.77 to 1.67)   1.64 (0.93 to 2.87)
   Hypertension                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
    Without                                                                   7748     1.16 (1.02 to 1.31)[†](#tf6-3){ref-type="table-fn"}   1.48 (1.2 to 1.83)[§](#tf6-5){ref-type="table-fn"}    1.7 (1.12 to 2.58)[†](#tf6-3){ref-type="table-fn"}    1.11 (0.97 to 1.26)                                   1.38 (1.12 to 1.71)[‡](#tf6-4){ref-type="table-fn"}   1.64 (1.08 to 2.48)[†](#tf6-3){ref-type="table-fn"}   1.07 (0.94 to 1.23)   1.33 (1.06 to 1.65)[†](#tf6-3){ref-type="table-fn"}   1.56 (1.02 to 2.37)[†](#tf6-3){ref-type="table-fn"}   0.93 (0.79 to 1.09)                                   1.11 (0.85 to 1.46)   1.06 (0.63 to 1.79)
    With                                                                      2379     0.88 (0.73 to 1.06)                                   1.15 (0.88 to 1.50)                                   1.74 (1.16 to 2.61)[‡](#tf6-4){ref-type="table-fn"}   0.91 (0.75 to 1.10)                                   1.09 (0.83 to 1.42)                                   1.68 (1.13 to 2.51)[†](#tf6-3){ref-type="table-fn"}   0.87 (0.71 to 1.06)   1.07 (0.82 to 1.41)                                   1.6 (1.07 to 2.39)[†](#tf6-3){ref-type="table-fn"}    0.78 (0.62 to 0.97)[†](#tf6-3){ref-type="table-fn"}   1.01 (0.75 to 1.36)   1.37 (0.89 to 2.10)
   Metabolic syndrome                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
    Without                                                                   8683     1.13 (1 to 1.26)[†](#tf6-3){ref-type="table-fn"}      1.46 (1.2 to 1.79)[§](#tf6-5){ref-type="table-fn"}    2.13 (1.43 to 3.16)[§](#tf6-5){ref-type="table-fn"}   1.09 (0.97 to 1.23)                                   1.33 (1.09 to 1.64)[‡](#tf6-4){ref-type="table-fn"}   1.97 (1.33 to 2.91)[§](#tf6-5){ref-type="table-fn"}   1.04 (0.92 to 1.18)   1.28 (1.04 to 1.58)[†](#tf6-3){ref-type="table-fn"}   1.82 (1.23 to 2.71)[‡](#tf6-4){ref-type="table-fn"}   0.92 (0.79 to 1.07)                                   1.17 (0.91 to 1.50)   1.36 (0.85 to 2.16)
    With                                                                      1444     0.82 (0.63 to 1.06)                                   1.03 (0.76 to 1.41)                                   1.29 (0.82 to 2.01)                                   0.86 (0.67 to 1.12)                                   1.06 (0.78 to 1.44)                                   1.34 (0.86 to 2.08)                                   0.85 (0.65 to 1.10)   1.04 (0.76 to 1.43)                                   1.33 (0.86 to 2.07)                                   0.72 (0.54 to 0.96)[†](#tf6-3){ref-type="table-fn"}   0.87 (0.61 to 1.23)   1.06 (0.66 to 1.71)
   HDL cholesterol status                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
    Without                                                                   8670     1.1 (0.99 to 1.24)                                    1.49 (1.23 to 1.81)[§](#tf6-5){ref-type="table-fn"}   2.28 (1.60 to 3.25)[§](#tf6-5){ref-type="table-fn"}   1.08 (0.96 to 1.21)                                   1.35 (1.12 to 1.64)[‡](#tf6-4){ref-type="table-fn"}   2.09 (1.48 to 2.95)[§](#tf6-5){ref-type="table-fn"}   1.03 (0.91 to 1.16)   1.30 (1.07 to 1.59)[‡](#tf6-4){ref-type="table-fn"}   1.96 (1.39 to 2.78)[§](#tf6-5){ref-type="table-fn"}   0.9 (0.78 to 1.04)                                    1.12 (0.89 to 1.41)   1.44 (0.99 to 2.1)
    With                                                                      1425     0.88 (0.67 to 1.14)                                   1 (0.71 to 1.41)                                      1.17 (0.7 to 1.96)                                    0.88 (0.67 to 1.14)                                   1.00 (0.71 to 1.41)                                   1.17 (0.7 to 1.96)                                    0.88 (0.67 to 1.14)   1 (0.71 to 1.41)                                      1.17 (0.7 to 1.96)                                    0.67 (0.47 to 0.95)[†](#tf6-3){ref-type="table-fn"}   0.84 (0.54 to 1.29)   0.97 (0.51 to 1.84)
   Body mass index status                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
    1st tertile                                                               4090     1.01 (0.82 to 1.25)                                   1.28 (0.68 to 2.40)                                   0.39 (0.08 to 1.96)                                   0.93 (0.75 to 1.17)                                   1.12 (0.59 to 2.12)                                   0.19 (0.02 to 1.59)                                   0.96 (0.75 to 1.21)   1.35 (0.71 to 2.58)                                   0.21 (0.02 to 1.76)                                   0.83 (0.63 to 1.10)                                   1.44 (0.72 to 2.87)   1 (1 to 1)[§](#tf6-5){ref-type="table-fn"}
    2nd tertile                                                               3077     1.24 (1.06 to 1.46)[‡](#tf6-4){ref-type="table-fn"}   1.44 (1.06 to 1.98)[†](#tf6-3){ref-type="table-fn"}   1.93 (0.83 to 4.50)                                   1.26 (1.06 to 1.49)[‡](#tf6-4){ref-type="table-fn"}   1.36 (0.99 to 1.87)                                   1.74 (0.75 to 4.07)                                   1.18 (0.99 to 1.40)   1.4 (1.01 to 1.93)[†](#tf6-3){ref-type="table-fn"}    1.44 (0.6 to 3.5)                                     1.03 (0.83 to 1.27)                                   1.26 (0.85 to 1.87)   1.25 (0.44 to 3.52)
    3rd tertile                                                               2941     1.02 (0.85 to 1.22)                                   1.36 (1.08 to 1.7)[‡](#tf6-4){ref-type="table-fn"}    1.84 (1.31 to 2.59)[§](#tf6-5){ref-type="table-fn"}   0.99 (0.83 to 1.19)                                   1.25 (1 to 1.57)                                      1.75 (1.25 to 2.45)[‡](#tf6-4){ref-type="table-fn"}   0.94 (0.77 to 1.13)   1.14 (0.9 to 1.44)                                    1.61 (1.15 to 2.25)[‡](#tf6-4){ref-type="table-fn"}   0.82 (0.65 to 1.02)                                   0.96 (0.73 to 1.26)   1.2 (0.82 to 1.76)
   Left ventricular hypertrophy                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
    Without                                                                   9646     1.09 (0.98 to 1.22)                                   1.37 (1.16 to 1.63)[§](#tf6-5){ref-type="table-fn"}   1.82 (1.36 to 2.44)[§](#tf6-5){ref-type="table-fn"}   1.07 (0.96 to 1.19)                                   1.28 (1.08 to 1.52)[‡](#tf6-4){ref-type="table-fn"}   1.77 (1.32 to 2.37)[§](#tf6-5){ref-type="table-fn"}   1.02 (0.91 to 1.14)   1.23 (1.03 to 1.47)[†](#tf6-3){ref-type="table-fn"}   1.65 (1.23 to 2.21)[§](#tf6-5){ref-type="table-fn"}   0.88 (0.77 to 1.01)                                   1.11 (0.9 to 1.37)    1.35 (0.97 to 1.88)
    With                                                                      481      0.81 (0.52 to 1.25)                                   1.48 (0.79 to 2.80)                                   2.32 (0.73 to 7.38)                                   0.84 (0.54 to 1.31)                                   1.35 (0.72 to 2.54)                                   1.71 (0.56 to 5.23)                                   0.82 (0.52 to 1.30)   1.38 (0.73 to 2.62)                                   2.17 (0.7 to 6.73)                                    0.71 (0.42 to 1.19)                                   0.80 (0.38 to 1.69)   1.25 (0.37 to 4.23)

HDL indicates high-density lipoprotein; NAFLD, nonalcoholic fatty liver disease; OR, odds ratios; QTc, corrected QT.

Adjusted for age, diabetes, hypertension, cholesterol, HDL, triglycerides, aspartate aminotransferase, body mass index, left ventricular hypertrophy, a history of coronary artery disease, hypokalemia, estimated glomerular filtration rate, high sensitivity C-reactive protein, smoking, and metabolic syndrome. In the subgroup analyses, all variables other than the variable for stratification were included. Analyzed by Bazett's criteria

*P*\<0.05

*P*\<0.01.

*P*\<0.001.

Discussion
==========

The main finding of this study was that NAFLD was associated with a prolonged QTc interval and a higher risk of prolonged QTc interval in the general population that was independent of traditional risk factors for prolonged QTc intervals. Our findings extend previous understanding of the association of QTc prolongation and NAFLD in patients with diabetes to a broader population.

The mechanism underlying the association between NAFLD and QTc prolongation is not totally clear. Traditional cardiometabolic risk factors have been associated with the QTc interval. The prevalence of diabetes, hypertension, and smoking has been found to increase progressively as the QT interval increases in a large population-based cohort study.[@b10] Lower levels of high-density lipoprotein cholesterol were also shown to be positively associated with QT prolongation.[@b23] In a pilot study, reconstituted high-density lipoprotein was shown to shorten the QT interval in cardiomyocytes and in dyslipidemic patients and healthy volunteers.[@b24] In our study, we observed a significant association of blood pressure, hemoglobin A1c, and high-density lipoprotein concentration with QTc interval. The association between the severity of NAFLD and QTc interval remained significant after rigorous adjustment for these factors.

Another potential mechanism that contributes to the association between NAFLD and the QTc interval is inflammation. The inflammatory marker C-reactive protein has been associated with the QTc interval in prior studies.[@b25],[@b26] In a recent study among 1716 elderly participants, high-sensitivity C-reactive protein was associated with QTc prolongation in men, whereas soluble tumor necrosis factor receptor 1 was associated with QTc prolongation in women.[@b27] In vitro studies have shown that TNF-α induces calcium leakage from the sarcoplasmic reticulum, causing action potential prolongation and arrhythmias.[@b28],[@b29] In our study, we also observed an association between high-sensitivity C-reactive protein and the QTc interval. The association between the presence and the severity of NAFLD and QT interval remained significant after adjustment for high-sensitivity C-reactive protein.

A third potential mechanism that contributes to the association between NAFLD and the QT interval is reflected by the overactivated sympathetic nervous system that occurs in NAFLD. The sympathetic nervous system has long been associated with QTc prolongation.[@b30] In our prior study among 497 participants with and without NAFLD, the presence of NAFLD was associated with higher sympathetic activity, as assessed by heart rate variability analysis. This association was independent of leptin or subclinical inflammation.[@b31] We did not measure the sympathetic activity in this current study. Further investigation is warranted to determine whether sympathetic overactivity contributes to QTc prolongation among patients with NAFLD.

Clinical Implications
---------------------

In the general population, QTc prolongation has been associated with adverse outcomes in many but not all epidemiology studies. The early Framingham Heart Study did not reveal an association between QTc interval with all-cause mortality or sudden death.[@b32] The later studies, including the Cardiovascular Health Study, the Strong Heart study, the Rotterdam study, the NHAMES study, and a recent meta-analysis, have all supported the association between QT prolongation and increased cardiovascular mortality and sudden cardiac death in the general population.[@b9]--[@b12] QT prolongation among patients with diabetes has also been associated with all-cause and cardiovascular mortality.[@b33],[@b34] QT prolongation among those with hepatic disease has mostly been investigated among patients with liver cirrhosis. QT prolongation is common in patients with liver cirrhosis and is associated with a lower survival rate.[@b35] The QTc interval is normalized after liver transplantation among half of the patients with liver cirrhosis and QT prolongation.[@b36] The association between the QTc interval and NAFLD has been found in patients with diabetes,[@b14] but it has not yet been demonstrated in the general population. The independent value of this association to predict cardiovascular outcomes among patients with NAFLD has not yet been validated. Given the fact that NAFLD has an increased risk for cardiovascular morbidity and mortality,[@b6] a search for every possible link between NAFLD and cardiovascular disease is key to improving outcomes among these patients. Our findings suggest that NAFLD-associated QT prolongation might be a link to adverse cardiovascular outcomes among these patients. Further confirmation using a large cohort study to assess whether QTc prolongation among patients with NAFLD independently contributes to future cardiovascular events or all-cause mortality is warranted.

The strengths of this study include the large sample size and a standardized protocol from a health management program to collect blood samples and perform ECG recordings. Moreover, sensitivity analyses using different formulas for QTc interval and different criteria for QTc prolongation and alcohol consumption minimized bias from misclassification. Finally, the independent association after adjustment of various cardiometabolic risk factors, including metabolic syndrome, clearly demonstrated the contribution of NAFLD to QTc prolongation.

Limitations
-----------

Our study has several limitations. First, the design of this study was cross-sectional and thus could not validate the causal relationship between NAFLD and QT intervals. Future interventional studies with exercise or weight loss to downgrade the severity of NAFLD may help elucidate the temporal relationship between NAFLD and QTc. Second, the diagnosis of NAFLD was assessed by abdominal ultrasound, which has sensitivity of 85% to 90% and specificity of 70% to 80% to detect liver fat \>10%. The sensitivity and specificity are lower for detecting liver fat \<10%.[@b37] Consequently, our study might have underestimated the prevalence of NAFLD. Third, some factors including adipocytokines, fasting insulin, homeostatic model assessment--insulin resistance, sympathetic activity, unreported medication use, and genetic factors were not measured in this study. The possible confounding effects of these factors cannot be excluded. Finally, our results could not explain the underlying mechanism of the association between NAFLD and QT prolongation. Further studies are needed to clarify the mechanism.

Conclusion
==========

The severity of NAFLD was associated with prolonged QTc intervals and higher risk for QTc prolongation in the general population with or without diabetes.
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